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(54) Equipment for extruding an expanded polymer sheet or plate 



(57) Equipment tor extruding an expanded polymer 
sheet or plate comprising an apparatus for the gravimet- 
ric loading (11 ) of a certain number of component poly- 
mers and/or mineral fillers, an extruding apparatus (17) 
consisting of a thermally controlled co-rotating twin- 
screw extruder (20) with a length ratio of at least 1/34 
diameters, a loading pump (38) downstream of the ex- 



trusion apparatus, a static group (41 ) for the mixing and 
thermal conditioning of the mixture pumped, inserted in 
a thermoregulated cartridge (42), a stratif ier (44, 45) and 
a flat head (43), wherein, in at least one portion of the 
extrusion apparatus (17), there is an injection zone (29, 
32) into which gas, such as C0 2 , coming from a con- 
tainer tank (30, 34), is introduced. 
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Description 

(0001 J The present invention relates to equipment for 
extruding an expanded polymer sheet or plate, in par- 
ticular polypropylene. 

[0002] In the production field of expanded polymer 
products in the form of sheets or plates, in particular 
polypropylene, the equipment so far adopted does not 
allow an end-product to be obtained, with good resist- 
arcc properties and at a low cost. 
[0003] It should, in fact, be noted that polymers in gen- 
eral and m particular polypropylene, have characteris- 
tics when do not allow easy expansion. Polypropylene 
m lact in the molten state, at its characteristic rheolog- 
>cai temocrature, has a fluidity which is such that the 
acton or gases, which tend to expand the cells, causes 
its stoiciurc to collapse. 

[0004] It should also be considered that a polymeric 
m-itciai such as polypropylene, is requested for its low 
ccst nnc good mechanical and thermal resistance prop- 
erties and consequently, once expanded, has evident 
economc ecological and technical advantages. 
[0005] m this respect, methods are known which, by 
means d no extrusion process, allow this polymer to be 
chon-icalry expanded with the sole use of particular 
chofncal expanding agents. Chemical expanding 
agents however, whose use is necessary for this pur- 
pose with percentages equal to 2-6% with respect to the 
polymer i c polypropylene, are of no economic advan- 
tage as :hey arc considerably costly. 
[0006] Furthermore, the use of physical gases is 
known which are injected into the polymer, for example 
polypropylene by means of injection processes, which 
do not allow an economically product to be obtained. 
[0007] An objective of the present invention is to at- 
tempt to produce equipment for the extrusion of expand- 
ed polymers in sheets or plates, in particular expanded 
polypropylene at reduced costs and with a high per- 
formance ot the product obtained. 
[0008] Another objective is to produce equipment for 
the extrusion of expanded polypropylene in sheets or 
plates, which is safe and ecologically valid, also in the 
presence ot an expansion gas such as C0 2 . 
[0009] 1 hose objectives according to the present in- 
vention arc reached by the production of equipment for 
extruding an expanded polymer sheet or plate, in par- 
ticulnr expanded propylene, as described in detail in 
claim 1 

[0010] Further characteristics are illustrated in the de- 
pendant claims. 

[0011] The characteristics and advantages of the 
equipment lor extruding an expanded polymer sheet or 
plate such as expanded polypropylene, according to 
the present invention, can be more clearly understood 
from the tollowing description, which is illustrative but 
nonlimiting relerring to the enclosed schematic draw- 
ings in which 



figures 1a and 1b are schematic elevation views 
which illustrate the equipment as a whole for extrud- 
ing an expanded polypropylene sheet or plate ac- 
cording to the invention, 

figure 2 is an enlarged section of half of a co-rotating 
twin-screw extruder which forms part of the equip- 
ment of figure 1 , 

figure 3 is an enlarged sectional detail of a special 
device on the screw for preventing the return of gas 
towards the polymer feeding, 

figure 4 is a partial cross section of an injector po- 
sitioned along the twin-screw extruder, 
figure 5 is a section of the end part alone of the 
equipment in an alternative form. 

[0012] With reference to figures 1a and 1b, these il- 
lustrate the equipment for extruding an expanded poly- 
mer sheet or plate, in particular expanded polypropyl- 
ene, according to the invention in one of its embodi- 
ments. 

[0013] The equipment comprises an apparatus for the 
gravimetric loading 11 of a certain number of compo- 
nents, such as various types of polymer, for example 
polypropylene, mineral fillers or others. This apparatus 
1 1 comprises at least one pair of loading trays 1 2, 1 3 for 
different types of polymers, such as polypropylene, as- 
sociated with a loading unit 14 which functions with a 
"weight sum" logic. 

[0014] The formulation thus obtained is homogenized 
in a special mixer 1 5 which in turn feeds the mixture thus 
obtained to a gravimetric loading tray 16, functioning 
with a "loss in weight" logic, which feeds an extrusion 
apparatus 1 7, in a so-called "hungry mouth" form. In ad- 
dition, minerajfillers . coming from a further gravimetric 
loading tray 1 8, functioning with a "loss in weight" logic, 
are injected into an intermediate zone of said apparatus, 
said loading tray constantly feeding a metering screw 
19 associated with the extrusion apparatus 17. 
[0015] The extrusion apparatus 17 consists of a co- 
rotating twin-screw extruder 20 with a length ratio of 1 /34 
diameters. The casing or cylinder 21 of this extruder is 
thermally controlled in 8 separate zones by diathermic 
oil circulating in chambers 22. 

[0016] Figure 2 shows the co-rotating twin-screw ex- 
truder 20 subdivisible into a series of parts. 
[0017] There is, in fact, a feeding 23 in line with a hop- 
per 24 which receives the dosed mixture of polypropyl- 
ene. Immediately downstream of this first feeding 23, 
there is a *gnnnr| <p<=>Hing Pfi into which jhe /nineral f ille x- 
coming from the metering screw 19 is charged. The 
melting of the polymers fed through the mixture takes 
place in a portion 26 of the extruder situated between 
the two feedings 23 and 25. 

[0018] ThaiQi^aQ&ofJhe polymers and filler is effected 
in a subsequent portion 27 of the extruder, due to the 
presence of specific cams, schematized in 28. 
[0019] According to the present invention, there is al- 
so an in jectiojijone-29 jal£LWjlich gas^forej<amplejC0 0 
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coming from a container tank 30, is introduced. 
[0020] In order to prevent the return of the gas to- 
wards the feeding of polymers and filler, sealing ele- 
ments 31 , in the form of rings, are arranged on the pair 
of screws. 

[0021] When volatile C0 2 is to be injected into the in- 
jection zone under vacuum 29, the sealing elements 31 
are installed. These, together with the cylinder 21 of the 
extruder, create a narrow gap within which the mixture 
is under pressure; as the zone immediately subsequent 
to this, into which the volatile gas is injected, is under 
vacuum, the gas is only able to move forwards and not 
backwards. 

[0022] As the gas, for example C0 2 , is in a gaseous 
state, its pressure is regulated by means of a specific 
regulator and the gas flow-rate is in relation to the vol- 
ume occupied by the polymeric mixture in the vacuum 
zone 29. For example, in the presence of a greater free 
volume from the mixture in the vacuum zone, and a high- 
er number of screw revs, there will be a higher gas con- 
sumption. The operating pressure, with this system, 
ranges on an average from 8 to 15 bars. 
[0023] The polymeric mixture and gas are subse- 
quently transferred from the zone 29 to a nother zone 32 ^ 
which compresses the mixture both as a result of the 
change in section and also because, in that particular 
zone of the extruder, there is a sudden temperature 
drop The gas becomes increasingly more compressed 
and micronized in the polymeric mixture. 
[0024] Figure 4 illustrates an injecting device 33 po- 
sitionable in correspondence with the vacuum zone 29 
(or the feeding of the gas contained in the tank 30. 
[0025] Alternatively, it is possible to inject the gas into 
the zone 32 under pressure. In this case, it should be 
noted that the C0 2 , in liquid form, comes from a specific 
container tank 34 with a plunged pipe in the liquid zone; 
it is cooled to a temperature of -5°C and injected into 
the molten mass of material in the liquid state, with a 
special pump, schematized in 35, for example the one 
commercialized by LEWA. The particular characteristic 
ol this pump is that it doses gas in regular quantities and 
at a pressure higher than that of the mixture in the feed- 
ing. Also in this case, sealing elements 31 are neces- 
sary, and the gas can be fed with a nozzle 33 completely 
analogous to that illustrated in figure 4. 
[0026] At the outlet of the extrusion apparatus, there 
is a control group 36 (or both the temperature and pres- 
sure of the mixed mass betore this is passed into a filter 
(not shown) associated with a (ilter changer 37. This is 
a device which in extrusion is suitable lor filtering the 
polymeric mixture by retaining all foreign bodies. It gen- 
erally has interchangeable filtering plates whose func- 
tion is to protect mechanical units. 

[0027] Before the mixture is charged into a loading 
pump 38. there is a control group 39 of the intake pres- 
sure of the pump 38. Similarly, al the pump outlet, there 
is a control group 40 of the discharged pressure. 
[0028] A pump with modular gears, motorized with a 



direct current gearmotor, is generally used. The function 
of this pump is to push, by means of the subsequent ^ 
static mixers, stratifier and extrusion flat head, the mix- 
ture which, as already mentioned, has an ever-increas- 

5 ing viscosity due to its cooling. Both the intake and dis- 
charge pressures are controlled. In particular the intake 
pressure interacts with the gravimetric loading trays 12 
and 13 to ensure that there is always a set pressure 
which favours a constant expansion of the product. 

10 [0029] The mixture thus obtained is then pumped in- 
side a static group 41 for the mixing and thermal condi- 
tioning of the mixture. 

[0030] The static group 41 consists of a series of static ^ 
mixers inserted in an oil thermoregulated cartridge 42. 
»5 These mixers are specifically calculated to obtain a high 
pressur e drop so that the thrust load of the pump 38 is 
never lower than 350-400 bars. It can also be noted that 
a stratifier and extrusion flat head, situated at the end 
of the equipment, also contribute to creating this pres- 
to sure. The thermoregulation of the cartridge mentioned 
above is obtained by means of a specific oil system (not 
shown). In the mixer, the mixing of the mixture/gas takes 
place in an ideal hyper-critical state (see Henry's law) 
for the polypropylene which becomes increasingly more 
25 viscous. 

[0031 ] Associated with the static group 41 , there is a 
stratifier connected in turn to an extrusion flat head 43. 
[0032] In the embodiment illustrated, two types of 
stratifier 44 and 45 can be used alternatively for the 

30 feeding of the mixture to the head 43. A first embodi- 
ment, illustrated in figure 5, comprises a stratifier 45 
which separates the mixture coming from the static 
group 41 into three channels 46 which then feed the 
channels 47 of the flat head 43. 

35 [0033] Alternatively, there can be a stratifier 44 which 
feeds the three channels 47 of the extrusion flat head 
with a channel 48, coming directly from the static group 
41 and therefore from the extruder 17, and with a further 
two co-extruders schematized in 49 which feed two 

40 channels 48' connected to the remaining channels 47 
of the flat head 43. 

[0034] In the example described and illustrated, there 
is an oil-thermoregulated flat head 43 with three sepa- 
rate channels, but alternatively an annular head (not 
45 shown) may be associated with the equipment of the 
invention. 

[0035] It can therefore be seen how, according to the 
invention, an set of equipment is produced which allows 
the extrusion of a sheet or plate of an expanded polymer, 

50 in particular polypropylene. 

[0036] Similarly, it is therefore possible to obtain end- 
products which can be used in various fields such as the 
car industry (internal door linings), for food packaging, 
fruit containers, etc. 

55 [0037] It should be noted that the gas C0 2 is preferred 
as it can be handled without danger, is ecologically more 
valid than other gases as it is a re-used natural source, 
proouced without any kind ol burning and is inexpen- 
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sive; it also seems to be the most suitable gas for a non- 
violent expansion. 

[0038] Another important recommendation is to lower 
the temperature of the molten mixture as much as pos- 
sible, immediately after injecting the gas, in order to in- 
crease its viscosity to favour the physical phenomenon 
called Henry's Law (according to which the solvency of 
gases in solids is proportional to the pressure exerted) 
and to further facilitate a limited collapse. For example, 
the temperature in question should be slightly higher 
than the melting point of the polymer (in the case of poly- 
propylene 160°C). 

[0039] The end-products thus obtained can be mono- 
extruded laminates in a completely expanded single lay- 
er, or coextruded laminates with the help of other co- 
extruders, as illustrated in figure 1b. Any possible non- 
expanded layers will consist of compatible materials. 
[0040] In addition to being expanded, the internal 
structure can, ir necessary, be loaded with mineral fill- 
ers, such as CaC0 3 , talc, etc. which can serve to in- 
crease the rigidity, favour expansion as nucleating 
agents and reduce costs. 



Equipment for extruding an expanded polymer 
sheet or plate characterized in that it comprises 
an apparatus for the gravimetric loading (11) of a 
certain number of component polymers and/or min- 
eral fillers, an extruding apparatus (17) consisting 
of a thermally controlled co-rotating twin-screw ex- 
truder (20), with a length ratio of at least 1/34 diam- 
eters, a loading pump (38) downstream of said ex- 
trusion apparatus, a static group (41 ) for the mixing 
and thermal conditioning of the mixture pumped, in- 
serted in a thermo-regulated cartridge (42), a strat- 
ifier (44, 45) and a flat head (43) : wherein, in at least 
one portion of the extrusion apparatus (1 7), there is 
an injection zone (29, 32) into which gas, such as 
C0 2 , coming from a container tank (30, 34), is in- 
troduced. 



of a pump (35) and a relative injector (33). 

The equipment according to claim 1 , characterized 
in that said stratifier is a stratifier (44) which sepa- 
rates the mixture coming from said static group (41 ) 
into several channels (46) which feed channels (47) 
of said flat head (43). 

The equipment according to claim 1 , characterized 
in that said stratifier is a stratifier (44) which feeds 
three channels (47) of the flat head (43) with a chan- 
nel (48), coming from said static group (41), and 
with a further two co-extruders (49) which feed two 
channels (48") connected to the remaining channels 
(47) of the flat head (43). 

The equipment according to claim 1 , characterized 
in that between said extrusion apparatus (1 7) and 
said static group (41) there are a control group 36 
of both the temperature and pressure of the mixed 
mass before the same is passed inside a filter of a 
filter changer (37), a control group (39) of the intake 
pressure of the pump (38), arranged downstream 
of said filter changer (37), and a control group (40) 
of the discharge pressure at the outlet of the pump 
(38). 

The equipment according to claim 1 , characterized 
in that both said extrusion apparatus (17) and said 
static group (41) are thermoregulated by means of 
chambers (22) in which diathermic oil circulates. 



2. The equipment according to claim 1 , characterized 

in that said injection zone is an injection zone under « 
vacuum (29) of said extrusion apparatus (17) in 
which sealing elements (31 ) are assembled on said 
co-rotating twin-screw extruder (20), which create, 
with an external cylindrical casing (21), a narrow 
gap inside which there is mixture under pressure so 50 
that said gas injected in volatile form cannot flow 
backwards. 



3. The equipment according to claim 1 , characterized 

in that said injection zone is an injection zone under 55 
pressure (32) in which said gas in liquid form, com- 
ing Irom a specific cooled container tank (34). is in- 
jected into the molten mass of material by means 
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